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196 AbstractsQCT BMD measurement can be achieved with the routine CT scans, it is
particular important for the hip and spine fractures, the vBMD results can be
used to diagnose osteoporosis and useful in the pre-op planning.
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TRABECULAR BONE SCORE PREDICTS FRACTURE INCIDENCE IN NON-
OSTEOPOROTIC OLDER CHINESE MEN
T. Kwok, J. Leung, A. Aubry-Rozier, D. Hans
Department of Medicine & Therapeutics, the Chinese University of Hong Kong
Jockey Club Centre for osteoporosis care and control, The Chinese University
of Hong Kong, Hong Kong
Department of Bone and Joint, Center of Bone diseases, Lausanne University
Hospital, Lausanne, Switzerland
Background: Trabecular bone score (TBS) based on secondary analysis of
pixel gray-level variations in DXA images of the lumbar spine is an indirect
novel surrogate marker of global bone microarchitecture. There are cross
sectional and prospective data to suggest that TBS is independently
associated with fracture. There is however a lack of prospective data to
confirm its role in fracture prediction in Chinese population and whether
such role remains in non-osteoporotic subjects.
Subject and method: 2000 men and 2000 women aged 65 years or more were
recruited in 2001e3 for predictors of osteoporotic fractures. At baseline,
comprehensive health assessment was performed. Bone mineral density
(BMD) of hip and spine was measured by Hologic dual energy X-ray absorpti-
ometry. All subjectswere followed up for an average of ten years for incidence
of fractures primarily by electronic medical record system of the public
hospitals in Hong Kong. Cox regression was performed to examine the
association between baseline TBS scores (as assessed by TBS iNsight,
Medimaps SA) and the incidence of major osteoporotic fractures over ten
years. Femoral neck BMD was used as covariate. The subjects with osteopo-
rosis as defined by T-score  2.5 at either hip or spine were excluded from
analysis.
Result: 1665 men and 1071 women had BMD within the normal and
osteopenia range at baseline. Out of these, 91 men and 91 women had
major osteoporotic fractures over ten years. Out of these 41 men and 19
women had hip fractures. Cox regression after adjustment for hip BMD and
age showed that TBS score was significantly associated with major osteopo-
rotic fracture in older men, but not in women (p Z 0.025 and 0.112 in men
and women respectively). In contrast, TBS predicted hip fracture in older
women but not in older men (pZ 0.048 and 0.393 respectively). Similar re-
sults were obtained when FRAX score was used as covariate.
Conclusion: TBS of lumbar spine was predictive of major osteoporotic
fracture in older Chinese men without osteoporosis independently of clinical
risk factors and hip BMD. The role of TBS in predicting osteoporotic fractures
in non-osteoporotic older women requires a larger study.
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Cyclic mechanical loading is perhaps the most important physiological factor
regulating bone mass and shape in a way which balances optimal strength
with minimal weight. This bone adaptation process spans multiple length
and time scales. Forces resulting from physiological exercise at the organ
scale are sensed at the cellular scale by osteocytes, which reside inside the
bone matrix. Via biochemical pathways, osteocytes orchestrate the local
remodeling action of osteoblasts (bone formation) and osteoclasts (bone
resorption). Together these local adaptive remodeling activities sum up to
strengthen bone globally at the organ scale. To resolve the underlying
mechanisms it is required to identify and quantify both cause and effect
across the different scales. Progress has been made at the different scales
experimentally. Computational models of bone adaptation have been
developed to piece together various experimental observations at the
different scales into coherent and plausible mechanisms. However addi-
tional quantitative experimental validation is still required, especially on
the cellular level, to build upon the insights which have already been
achieved. A systems biology approach to understanding biological systems
demands the development of high-throughput imaging methods which are
capable of yielding spatiotemporal information at single cell resolution.
Given the diverse micro-mechanical environment which exists in loaded
trabecular bone, the availability of such data for osteocytes would undoubt-
edly enhance our understanding of their role in bone remodelling. As part of
this presentation, emerging as well as state-of-the-art techniques of high-
throughput imaging will be discussed and how these techniques might be
used in a systems biology approach to further our understanding of the
mechanisms governing load induced bone adaptation, i.e. ways will be
outlined in which imaging and computational approaches could be coupled,
in a quantitative manner to create more reliable multiscale models of bone.
Fig 1 Pros and cons of acid-etched SEM and FITC techniques in imaging
bone cells. (a). Acid- etched, high-resolution SEM image displayed resin-
casted osteocyte (Ocy)-canalicular system on the bone surface; (b). The di-
agram reveals the difference between the SEM and FITC imaging techniques
with the former showing mineral- buried Ocy on the surface only and the
latter technique imaging cells from the bone surface to inside the bone to
a depth up to >50 mm with any region, angle or direction interested; (c).
An example of an FITC image of the 6-mon-old rat tibia cortical bone
revealing osteocyte (Ocy), osteoblast (Ob) lining cells, and osteoclast
(OC); and (d). An example of a FITC-osteon image of the 30-year-old femur
cortical bone showing the Ocy-dendritic system surrounding the Haversian
canal.
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A NOVEL WAY FOR QUALITATIVE AND QUANTITATIVE ANALYSES OF
MORPHOLOGIC CHANGES OSTEOCYTES IN HEALTH AND DISEASE
Y. Ren, Y. Liu, J. Q. Feng
Texas A&M Baylor College of Dentistry, Dallas, TX, USA
Recent studies have revealed multiple roles of osteocytes in bone meta-
bolism. However, detailed analyses of the embedded osteocytes in bone
structure are still limited because of the high mineral content around these
cells. In this study, we developed an innovative technique, the “FITC-Imaris
technique”, which combines FITC ([2,5]- Fluorescein isothiocyanate, a dye
that fills in all soft tissues but not hard tissues), confocal microscopy and
Imaris software (which was originally developed for neuronal visualization
and quantitation of 3D datasets). With this method, we could not only
visualize the 3-D morphology of embedded osteocytes without any changes
in bone matrix structures, but more importantly, we were able to statisti-
cally quantitate the osteocyte structure in the cell surface, total cell
volume, and dendrite numbers. Furthermore, we made a side-by-side
comparison of this new method with the acid-etched SEM imaging technique,
a common imaging method for studies of osteocyte morphology with a much
smaller cell depth (<3 m). Our data showed numerous advantages of this
new method over SEM techniques in studies of osteocyte structures.
Pathophysiological studies of osteoporosis have mainly focused on changes in
the balance of osteoblast and osteoclast function on trabecular
bones, although the cortical bone porosity as the main change in aging is
more critical. Because the short-lived surface cells cannot penetrate deeply
into bone, we reasoned that alterations of osteocyte structure/function are
responsible for porotic changes. This concept is supported by several lines of
evidence. First, advanced osteoporosis in compact bone is due to a
substantial increase in the Haversian canal area (>2 fold), a change
correlated with a significant reduction in osteocyte number/osteon, a
striking alteration in osteocyte morphology (from spindle to round), and a
reduced number, surface, and volume of the osteocyte dendrites. Second,
similar changes occur in the OVX monkeys and rats, respectively. And third,
there were lacks of bone remodeling in the aged human cortical bone,
although BMD was higher than the young bone. We thus propose that
osteocytes are the key cells building and maintaining bone mineralization, as
such, defective osteocyte function may underlie osteoporosis.
In summary, our new method, which is used for studies of osteocyte
structure, is more powerful than the existed techniques. Our functional
study demonstrated that osteocytes are the cells maintaining bone miner-
alization and remodeling, and poorly maintained bone remodeling, due to
defective Ocys, plays a key causal role in osteoporosis.Brief CV
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